Abstract-In this paper we describe a sateilite-borne multidetector cosmic ray telescope experiment. This package is designed to identify the charge and mass of incident cosmic ray nuclei from 1H to 648Ni over the energy range from -20 to -500 MeV/nucleon. Particle identification is based on the multiple energy loss technique. The experiment will thus measure the isotopic abundances of the cosmic ray flux and provide essential information to help understand the origin of high energy cosmic rays. We consider the source flux to be conceptually represented by a matrix SA, Z (E, t), whose elements are labeled by A and Z. Each element contains the energy and time dependence of its labeled isotope. Actually, the time dependence here is assumed to be quite small as we observe the integral of the flux over many sources and times. We will now follow this flux toward earth and see, in a qualitative fashion, how it is modifi'ed by the processes which take place.
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Abstract-In this paper we describe a sateilite-borne multidetector cosmic ray telescope experiment. This package is designed to identify the charge and mass of incident cosmic ray nuclei from 1H to 648Ni over the energy range from -20 to -500 MeV/nucleon. Particle identification is based on the multiple energy loss technique. The experiment will thus measure the isotopic abundances of the cosmic ray flux and provide essential information to help understand the origin of high energy cosmic rays.
I. SCIENTIFIC ASPECTS THE MOTIVATION of this experiment is to understand the origin of the flux of high energy cosmic rays. The contribution which this experiment will make is a comprehensive measurement of the isotopic abundances 1 H-64Ni of the cosmic ray flux near earth. To demonstrate the relevance of such an isotopic measurement we will trace, in a highly qualitative fashion, the flux from the source to the observation point near earth.
A. Source
If the abundances and energy spectra of all isotopes produced in the source were known, then we We consider the source flux to be conceptually represented by a matrix SA, Z (E, t), whose elements are labeled by A and Z. Each element contains the energy and time dependence of its labeled isotope. Actually, the time dependence here is assumed to be quite small as we observe the integral of the flux over many sources and times. We will now follow this flux toward earth and see, in a qualitative fashion, how it is modifi'ed by the processes which take place.
B. Acceleration
The cosmic rays must be accelerated to relativistic energies. This acceleration can take place during creation or after an appreciable delay [31. Whatever process is responsible for the acceleration, we know the E dependence of the SA, z will change. There are other effects which change the magnitude A-1P1'P 1 FA, Z. To invert this equation, reliably, a detailed knowledge of FA, Z is essential. The effects of M, P, and A are quite model dependent. Given a choice of models and measured FA, Z we must determine the most consistent set of models and parameters in order to arrive at SA, Z.
The more measured parameters we have to over determine the problem the better the chances are of finding an unambiguous solution [5] . A comprehensive measurement of the cosmic ray isotope abundances over a wide range of elements is a major contribution to the attempt to understand the origins of the cosmic rays. The description of an instrument designed to perform these measurements follows.
III. FLIGHT HARDWARE A. Overview
Isotopic identification of cosmic rays that come to rest in a stack of silicon detectors can be accomplished through a careful analysis of the energy loss in each of the detectors [6]. Our ten-element "telescope" shown in Fig. 1 also includes three x-y pairs of proportional drift chambers to provide trajectory information and a plastic scintillator surrounding the detector stack. The energy-averaged geometrical factor is 12.9 cm2 sr.
For each event, the signals from all Si(Li) detectors are pulse-height analyzed; and drift times (and, hence, the location) in all six chambers are digitized. This data, together with various housekeeping information, is telemetered to ground stations for recording and subsequent computer analysis at the Lawrence Berkeley Laboratory (LBL).
B. Sensors
The lithium-drifted silicon detectors used in this telescope are some of the largest, most uniform ever produced. They were fabricated at LBL from 5-mm thick 2-in diameter wafers of silicon from Topsil, Denmark. Special lapping, planer etching, and relithiating techniques were developed to produce detectors having an active area of 15 cm2 with a thickness uniformity better than ±10 p and essentially a zero dead layer (> 4.5 Mev from 24l Am alphas through the "dead layer" side) [7] . Thickness uniformity was verified by scanning both surfaces with a digitized microscope. Uniformity of response to penetrating heavy ions was verified by a mapping pulse-height versus a position using a 480 MEV/A Argon beam from the Bevalac.
To correct for the increase in apparent detector thickness for cosmic rays entering the telescope at wide angles, an array of position sensitive detectors is used to measure the angle of incidence. Single wire proportional drift chambers were selected for use since they are inherently more rugged than multiwire chambers, less massive than hodoscopes of solidstate or plastic detectors, and lend themselves to a convenient solution to the problem of delta-ray production by relativistic heavy ions [8] . Fig. 2 shows how 8-,m Kapton film was bonded to epoxyglass frames and folded to form each single axis drift space. Maximum drift lengths for the three x-y pairs are 15, 12, and 10 cm. The field-forming electrodes are 1-mm gold strips etched in a staggered pattern on both sides of the Kapton. A thick-film resistive divider network establishes a uniform drift gradient (on both sides of the Kapton) of 300 V/cm.
The double-sided staggered pattem makes each chamber surface electrostatically opaque, allowing all six chambers to be installed in one housing and thereby sharing a common gas volume. An 80 cc X 500 lb/in2 reservoir tank and 2-stage pulsed regulator system provide gas replenishment (not flow through) to compensate for leaks in the electrical feedthroughs and window 0-ring seals. Lifetime at the measured leak rate is 6 years.
C. Event Encoding
Assuming the system is not already busy, an event is encoded whenever a particle penetrates the drift chambers and at least the first two silicon detectors. As discussed in a later section, the particular detectors and chambers used for this trigger logic are all selectable by ground command. The drift chamber time to digital converters are started by the fast coincidence of the silicon detectors. The ten pulse-height analyzers begin after the chambers complete the coincidence trigger logic. The PHA's are dual-gain 4096 channel systems covering 0-500 MEV with a resolution of 128 keV and 500 MeV to 10 BeV in 2 MeV steps. Flag bits are latched to indicate the presence of signals from the plastic scintillator and the "stop" detector (command selectable-usually #10). A 24-bit time-of-event register, 7-bit live timer, 12-bit scaler, and command-statusverification bits are added to the ten 13-bit PHA words and six 9-bit TDC words to form a 256-bit page for each encoded event.
D. Event Classification-Buffer Memory
Since the most interesting events (Z > 2 that stop in the stack) are outnumbered by protons, alphas, and high-energy particles that exit the telescope, we make better use of our severely limited telemetry rate (30 bit/s) by classifying each event and applying a priority scheme to enhance the number of "stopping heavy ion" events telemetered while maintaining a sampling of all other types for flux normalization.
Type 1 events (highest priority) are characterized by the absence of signals in the plastic scintillator and the "stop" detector, and a pulse height > 120 MeV (command adjustable) in at least one of the silicon detectors. Space permitting, these events are loaded directly into a 16-event deep buffer memory for transmission by the spacecraft telemetry system. If this buffer is full, the "type one scaler" is incremented by one and the last event is over-written with the more recent one. In this way, nearly all the isotopically identifiable cosmic rays within our geometry factor can be telemetered.
Type 2 events include protons and alphas that stop in the telescope. Type 3 events are heavy ions that exit the telescope, but do not hit the plastic scintillator. The signature of a type 3 event is a pulse height > 27 MeV (command adjustable) The inherent redundancy of a multielement detector telescope is preserved by providing a separate PHA system for each detector. By isolating the bias supply to each detector, and providing for ground command selection of the triggering elements, the experiment can survive the loss of several detectors. Similarly, only four of the six drift chambers are necessary to determine the trajectory of incident cosmic rays.
Sources of a single point failure are further reduced by having redundant digital subsystems. They contain the PHA control circuitry, event classification logic, memory buffers, and command logic. Since most of the outputs are from CMOS circuits and only one system is powered on at any given time (ground selectable) many of the redundancy connections can simply be wire ORed. 
